1. The effect of chronic alcohol intoxication on metabolic disturbances and fatty infiltration and degeneration was studied in genetically obese, hyperlipoproteinaemic, fa/fa Zucker rats.
4 Carrageenan type I (Sigma).
for the next 2 d and 300 on the 5th day. At this stage ethanol supplied 36% of the energy. Protein and fat supplied equal proportions of the energy in the two diets. The food was given fresh daily and daily individual food intakes were recorded.
Sampling and assay techniques
At the beginning and after 2 weeks of the experiment, blood samples were taken from the tail vein under diethyl ether anaesthesia without fasting. On the last day the rats were weighed at 08.30 hours and one rat from each group was killed (in an order that was rotated over the 8 d) between 08.30 and 10.30 hours and blood was taken from the abdominal aorta.
Blood samples were assayed for triacylglycerols (Wahlefeld, 1974) , cholesterol (Klose et ~l . 1975) and free cholesterol (Zlatkis et al. 1953) , glucose (Trinder, 1969) and insulin (Herbert et al. 1965) .
We have shown that there is no significant difference between venous and arterial blood triacylglycerol and total cholesterol levels, so the values obtained from the different blood samplings can be compared.
The liver was rapidly removed, weighed and homogenized (Ultraturrax Polytron Mixer, Type PT 10-35) in a 0.25 mw-saccharose-1 mM-Tris buffer (Beaufay et al. 1974) . The liver homogenate was assayed for triacylglycerols and total and esterified cholesterol.
Statistics
Results were compared using Student's t test.
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Period of feeding (weeks)
Values are significantly different (Student's t test) (P < 0.05); a Fa/-v.fa/fa on the same diet,
RESULTS
Food intake and weight gain Daily energy consumption remained constant during the 4 weeks for any one rat. For all three phenotypes (Wistar, Fa/-andfalfa), the rats given diet E consumed significantly more food energy than those given diet C. For the same diet, the non-obese Zucker and the Wistar rats had comparable energy intakes; thefalfa Zucker rats were hyperphagic ( Table 2) .
The food conversion efficiency of diet C was significantly higher than that of diet E ( Table 2) . Indeed, although the rats given diet C consumed less energy than those given . . diet E, they gained more weight, although this was not significant. The Zucker fu/fu rats were more efficient converters of food energy than either the Fa/-or the Wistar rats, and these two latter groups were equally efficient when eating the same diet. Energy consumption: body-weight was the same for f u / f u and Fa/-rats. At the start of the experiment, rats of the same phenotype assigned to the two dietary treatments were of similar weight. Theful'u rats were heavier than the other two types. Weight gain was not significantly affected by acute ethanol consumption. Thefulfu rats grew faster than the other rats on the same diet and the weights of the Fa/-and Wistar rats changed similarly (Fig. 1) .
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Blood biochemical values
Triglyceridaemia increased in all three types of rat during the 4 weeks, and to a greater extent in those given diet E than in those given diet C. For thefu/fu rats, values for those eating the two diets were significantly different at the end of the 2nd and 4th weeks (Table 3) .
At all times and for both diets the triglyceridaemia in Fa/-rats was less than that in Wistar rats.
Hypertriglyceridaemia was present infu/fu rats from the start, and increased significantly (three-to four-fold) over the 4-week period for both diets.
Hypercholesterolaemia (total and esterified cholesterol) in f u / f u rats followed the same pattern, although the variations were less than those for the triacylglycerols, and the values for the other strains of rat were close to those obtained for thefulfu rats. The ratio, esterified cholesterol : total cholesterol was similar in the three phenotypes.
All three phenotypes on both diets had comparable blood glucose concentrations and these increased during the experiment.
Blood insulin concentrations were lower in the fu/"u rats when alcohol was substituted for starch. However, blood insulin was higher in fu/fu rats than in the other phenotypes for both diets.
Liver weight and hepatic lipid ussuys
At the end of the experiment, total liver weight was greater in fu/fu rats than in the other two phenotypes, and within this group those given diet C had heavier livers than those given diet E (Table 4) . When expressed as liver weight: body-weight, only the value forfu/fu rats given diet C was higher than those for the other experimental groups.
Hepatic triacylglycerol contents were significantly higher in thefulfu rats than in the Fa/-and Wistar rats whether expressed as per liver or per g liver. Liver triacylglycerol levels for thefulfu rats were higher when diet E was given than when diet C was given; for the other phenotypes the opposite was the case.
In general, similar results were obtained for cholesterol contents, although the differences were smaller. However, the cholesterol contents of Fa/-rat livers (both total and esterified) were not significantly different when the two diets were given.
DISCUSSION
Most published work in this area has been based on the use of Wistar and Sprague-Dawley rats and the effects of alcohol on Zucker fu/fu and Fa/-rats have not been studied previously. In this discussion, the obese (fu/'u) Zucker rat is compared with the lean (Fu/-) Zucker rat and the Wistar rat which proved to be closely similar.
Our choice of diet should be briefly justified. It is difficult to administer high concentrations of ethanol to rats over a long period, and the liquid diet of De Carli & Lieber (1967) is frequently used. However, this diet employs dextrin-maltose as a carbohydrate source because of its high solubility, and many studies have shown that, compared with starch, soluble sugars such as sucrose or glucose and fructose promote increased storage of lipid in the liver of Wistar (Laube et al. 1973; Reiser & Hallfrisch, 1977; Michaelis et al. 1980) and obese va/fa) Zucker rats (Michaelis et al. 1980) . In consequence, it seemed wise to avoid rapidly-assimilated sugars in favour of starch, the more usual carbohydrate source for the rat. The starch-based diets used in the present work supplied 36% of the total energy of the diet as ethanol, as did the De Carli & Lieber (1967) diet. Although rats normally eat a solid diet, we considered that the use of a semi-liquid diet would be acceptable as Ozelci et al. (1978) have demonstrated that lipid storage in Sprague-Dawley rats is unaffected by the physical form of the diet.
Food intakes and development of obesity in the fa/fa Zucker rat after alcohol intoxication
In the fa/fa Zucker rat, hyperphagia promotes, although it is not indispensable to, the development of obesity and hyperlipidaemia (Bray & York, 1979) . Energy consumption was higher when diet E was given than when diet C was given for each phenotype studied, but the energy intake was higher for the f a / f a rats than the other strains for both diets. The ratio, daily energy consumption: body-weight was higher for diet E than for diet C and did not vary among the phenotypes (Fa/-and falfa), which confirms the report of Michaelis et al.
( 1 980). The rats given diet E had smaller weight gains than rats given diet C , although this was not significant.
The ratio, weight gain: energy consumed, an expression of food conversion efficiency, was higher for the obese va/fa) rats than for the Fa/-or Wistar rats. This greater efficiency can be attributed to the obese rat's increased hepatic and adipose lipogenesis, which leads to increased body fat storage (Bray & York, 1979) . Rats eating diet E all had lower food conversion efficiencies compared with rats given diet C. Indeed, even though these rats consumed more energy, their weight gain did not differ significantly from that of rats given diet C. After alcohol ingestion, energy is lost as heat during the oxidation of alcohol (Pirola Baraona & Lieber, 1979) and since this energy cannot be used for lipogenesis (Baraona & Lieber, 1979) a lower efficiency of utilization of food energy results. This effect could explain why the alcohol and alcohol-free diets resulted in the same level of obesity for the.falfa rats, despite the different energy consumptions.
Development of liver steatosis in the fa/fa Zucker rat after alcohol intoxication Our results with Wistar rats are in agreement with those of other authors (Lieber et al. 1965; De Carli & Lieber, 1967; Lefevre et al. 1972; Joly et al. 1973; Hirayama et al. 1979) : hepatic esterified cholesterol and triacylglycerol levels were increased after chronic alcohol intoxication. In metabolically normal rats, the accumulation of hepatic cholesterol and its esters found when diet E was given, seems to be linked to a cholesterol catabolism malfunction (Baraona & Lieber, 1979; Bray & York, 1979) rather than to an increase in cholesterol biosynthesis. Although the mechanism of action of alcohol is not completely understood, this malfunction could be caused by a decreased bile acid excretion linked to lowered cholesterol-7-a-hydroyxlase (EC 1 .14.13.17) activity (Laksmanan & Veech, 1977) .
Chronic alcohol intoxication elicited different responses in the livers of fa/fa Zucker rats as compared with those of the Wistar strain: for the obese rat, giving diet E resulted in lower hepatic total cholesterol and triacylglycerol levels than giving diet C , but the reverse effect was found in Wistar rats. This must be interpreted with reference to diet composition: the 36% of energy supplied by alcohol in diet E corresponded to 36% of the energy supplied by starch in diet C, while protein and lipid levels remained constant at 50% of the total energy supply. Thus, several workers (De Waard, 1978; Bach et al. 1980 ) and the present authors (unpublished results) have shown that a low-starch diet (330-440 g/kg diet), compared with a control diet (600 g starch/kg diet), decreases the hepatic lipid overload in f a / f a rats even though the energy intake levels do not differ significantly.
Hyperlipidaemia in the fa/ fa Zucker rat after alcohol intoxication
The fa/fa rat always had significantly higher plasma triacylglycerol levels than rats of the other strains studied, regardless of diet. Giving diet E resulted in smaller increases in plasma triacylglycerol levels than giving diet C for all three phenotypes.
The f a / f a rats remained hyperlipidaemic. It has been reported that after alcohol intoxication the Wistar rat's plasma triacylglycerol levels remain unchanged (Hirayama et al. 1979) or increase (Redgrave & Martin, 1977; Lederer et al. 1978 Thejialfa rat responded differently to alcohol than the two other phenotypes: for the obese rat, giving diet E led to a slight decrease in triacylglycerol levels and a significant decrease in total and esterified cholesterol levels, and the obese rat remained hyperlipoproteinaemic when given diet E.
Neither diet had an effect on the blood insulin contents; it remained relatively unaltered and homeostasis was very efficient since, as other workers have shown (De Waard, 1978; Bray & York, 1979) , the obese rats and lean rats had similar blood glucose concentrations.
The present results show that liver steatosis in the obese rats was less when diet E was given than when diet C was given. In a subsequent study (Karsenty et al. 1985) , an investigation of liver biochemical indices (glycogenesis, enzyme activities) led to the determination of one of the causes of this decrease: lowered hepatic lipogenesis activity in f a / f a rats eating diet E. The decrease in liver and adipose tissue lipogenesis and lipid synthesis is insufficient to affect the development of obesity and hyperlipidaemia, so these syndromes remain comparable for both diets.
Therefore, contrary to expected results, the present study shows that liver steatosis and hyperlipidaemia in f u/ 'u Zucker rats are not exacerbated by chronic alcohol intoxication, but rather develop more slowly than with an alcohol-free diet. Obesity, however, develops similarly with both diets.
